The two successive steps acidity constants of three azo dye derivatives D1-D3, were determined by a spectrophotometric method using 0.10 M KNO 3 as supporting electrolyte in water solvent. The electronic spectra of the compounds were recorded in the course of their pH-metric titration with a standard base solution. The protolytic equilibrium constants can be solved very satisfactorily from absorbance data, by combining the data obtained in the spectrometric determinations with graphic methods as the absorbance diagrams. An A-diagram shows the relative absorbance changes at two wavelengths as a function of the pH. For a one-step system, the absorbance at any wavelength must be proportional to the absorbance at any other wavelength, so an A-diagram for all wavelength combinations for such a system must be linear (rank, s=1). However, if a system is governed by two or more equilibria, the A-diagrams corresponding to multi-step titrations will change direction every time a new equilibrium becomes dominant in the system. Analysis of the each uniform sub-region can then be used in evaluating of the corresponding equilibrium. A-diagrams for all wavelength combinations suggest that these systems have the rank two(s=2). The results revealed that the K a (1) and K a (2) values of different azo dyes follow the order D3>D2>D1.
Introduction
Proton transfer is one of the most important processes in transformations of organic molecules. Consequently a precise knowledge about acidity and basicity of organic compounds in various solvents is fundamental for the study of mechanistic organic chemistry. Azo compound derivatives are of interest due to their choromophoric nature and bidentate character of their ortho phenolic hydroxyl groups. In addition to a wide variety of chemical and industrial applications, the synthetic derivatives of azo dyes, have been used for metal complexation studies and for spectroscopic measurement of cation concentration.
This work was undertaken to determine the acidity constants of some azo dye derivatives as shown in Fig. 1 (D1, D2 and D3), at 25°C in aqueous solutions using spectrophotometric method. Recently, different chemometric methods based on factor analysis have been developed for multi-wavelength spectrophotometric determination of overlapping acidity constants. The most widely used programs and algorithms for the determination of acidity constants from absorbance data are SQUAD [1] , SPECFIT [2] and DATAN 2.1 [3, 4] . Also, in the present study we show the feasibility of a UV-Vis spectroscopic method that uses absorbance diagrams [5] to determine the dissociation constants of the title compounds in aqueous solutions.
Experimental Procedure

Materials and Instruments
The three azo dyes
benzenediol(D3) were synthesized and purified using a previously reported method [6] . Other chemicals that were used were reagent grade or better, and obtained from Fluka or Merck.
A Jenway (USA) model 3020 pH meter with a combined glass electrode was used for pH determinations, after calibration against standard Merck buffers. A Shimadzu (Japan) model 1650PC doublebeam spectrophotometer was used for recording the electronic absorption spectra.
Spectrometric Titrations
The stock solutions of azo compound derivatives, (5.0×10 -5 M) were prepared in doubly distilled deionized water. All titrations were performed at 25.0±0.1 o C using a standardized KOH solution. In all experiments, the ionic strengths of the solutions used were kept constant at 0.1 M using potassium nitrate as a supporting electrolyte. In order to obtain UV-Vis spectra, 2.5 mL of 5.0×10
-5 M of the azo dye derivative was transferred into a 1.00 cm quartz cell and titrated with a concentrated solution of potassium hydroxide using a 100-µL Hamilton syringe. Each spectrum was recorded immediately after titrant addition.
Results and Discussion
The acidity constants were determined by titrating protonated forms of azo dyes with a standard KOH aqueous solution by UV-Vis spectrometry. Sample plots (Figs. 2 and 3) show the corresponding titration spectra, which intersect in complicated ways. No isosbestic points are observed, so a determination of rank is impossible on the basis of spectra alone. Fortunately, these problems can be solved very satisfactorily by combining the data obtained in the spectrometric determinations with graphical methods [5] in the form of absorbance-absorbance diagrams (A-diagram). Moreover, to estimate the number of species involved in the optical behavior, it is often useful to analyze the set of spectra in terms of absorbance diagrams.
Each spectrum is recorded at a specific pH, and it is easy to ascertain at what wavelengths the absorbance varies most. It is known that an A-diagram is a plot of the absorbance at one wavelength against the absorbance at the second wavelength. Curves 1-5 in Fig. 4 contain titration curves A λ vs. pH for D3 recorded at 415, 455, 508, 583 and 602 nm respectively. The curve 3 has a "bell-shaped" form, whereas the others consist of a set of steps. Each shows two points of inflection.
The A-diagram A λ vs. A 508 for the same system, have been shown in the inset of Fig. 4 as an example. In practice it is wise to construct A-diagrams based on as many wavelength combinations as possible. The fact that all are curved suggests that the corresponding matrix A has the rank two (s=2).
Additionally, Fig. 5 shows the presence of two strictly linear segments for various wavelength combinations in the region 200-700 nm. In the interest of clarity, diagram is shown here for only two wavelength combinations namely 508 and 583 nm. The results suggest that two chemical equilibria (three species, i.e., DH2, DH -and D 2-) are formed during titration [5] . As it is shown in Fig. 5 , the three points for a two-step acid-base equilibrium system define a triangle analogous to the absorbance 2-(deprotonated form of DH -) is the dianion solute. The equilibrium constants that characterize the ionization reactions described in Eqs. 1 and 2 will be indicated as K a (1) and K a (2), respectively. For the sake of simplicity, the neutral, monoanion and dianion species will be written as DH2, DH and D, respectively. The reaction described in Eq. 1 predominates at low pH range (Fig. 5, first linear segment from below) , while the second ionization reaction occurs at a high pH range (Fig. 5, second linear segment from below) . To obtain K a (1), the points located in the first straight line are treated with the following equation,
where A λ is the absorbance due to the presence of species DH 2 and DH to a given titration point, at the selected wavelength; A λ(DH2) is the absorbance at acidic end of titration and A λ(DH) is the absorbance of the conjugate form DH.
By this equation constructing the graph (A λ -A λ(DH2) )×10 -pH versus A λ . The slope supplies -K a (1) and the intercept gives K a (1)×A λ(DH) leading to A λ(DH) by means of K a (1). The A λ(DH) obtained in this way can then be used in evaluating the uniform sub-region for
) with the aid of the equation:
thereby providing the K a (2) and A λ(D) values as well [5] . Table 1 contains the values of K a (1), K a (2), A λ(DH) and A λ(D) acquired for three azo compounds (D1, D2 and D3) by this method. For the sake of simplicity, we limited ourselves to show sample plots, only for 4-[(2,4-dinitrophenyl)diazenyl]-l,2-benzenediol, D3; the resulting graphs are depicted in Figs. 6 and 7. As is obvious from Table 1 , the two successive steps acidity constants K a (1) and K a (2) for different species of compounds in the series, obtained using the spectrometric method decreased (pK a increase) (Aλ -Aλ(DH2) )×10 -pH = -1.74×10 A λ (Aλ -Aλ(DH2) )×10 -pH according to the following sequence: D3>D2>D1. The two pK a values are normally taken to reflect dissociation of the phenolic -OH groups. Table 1 shows as expected, that in the case of D2 and D3, the -NO 2 group as electron-withdrawing substituents will increase the acidity of the azo dyes. The presence of -NO 2 group at para position of D2 increases the acidity in comparison to D1. Also the increased acidity of D3 over D2 is a result of the presence of two -NO 2 substitutions at ortho and para positions of the former molecule.
Conclusions
We have determined the acidity constants of the three azo compound derivatives, in water from graphic matrixrank analysis. Comparison of the data given in Table 1 shows that, among the three different molecules studied, the acidity strength decreased (pK a increase) in the order D3>D2>D1. The lowest pK a values were observed for those azo compounds (D3 & D2 in comparison with D1) which carry strongly electron-accepting substituents (the nitro groups).
